Rhinosporidiosis was diagnosed in six dogs from the southeastern United States. All six dogs had unilateral nasal polyps with multiple small white sporangia visible beneath the surface. Microscopically, the polyps consisted of organisms and fibrovascular tissue with a surface of columnar or squamous epithelium. Juvenile sporanga were unilamellar. 15-75 pm in diameter, nucleated. and accounted for about 65% of sporangia seen. Approximately 5% of the sporangia were in intermediate stages of maturation, were bilamellar, 100-1 50 pm in diameter, and contained immature endospores. Mature sporangia comprised about 30% of the total, were usually unilamellar, 100-400 pm in diameter, and contained a mixture of immature and mature endospores. The inner layer of the wall of the intermediate sporangia and the single wall of the mature sporanga were argyrophilic and carminophilic. Ultrastructurally. the earliest stage contained a nucleus and many ribosomes, lipid droplets, and phagolysosomes. Maturing sporangia contained discrete membrane-bound, round clevage products. These structures subsequently matured to spores, each of which had a wall and contained a nucleus and many lipid droplets. The organism from one dog was cultured and grown in vitro for 7 months and is the first successful cultivation of Rhinosporidiirrii seeheri.
Rhinosporidiosis, a disease characterized by nasal polyp^,^.^^ is caused by Rhinosporidiirrii seeheri, a fungus of uncertain cla~sification.~~ In humans, the larynx. eyes, skin, and genitalia may also be involved.I5 The organism has not been grown in vitro. although it has been maintained at 4 C for 4 months5
In North America, the disease is uncommon. Three cases have been reported in the d~g ,~.~~.~~ two cases in the horse,l4.Ib and one in a duck.3 In other parts of the world, especially India, the disease is common in man and animals, primarily the horse.
There is strong predilection for males in both man and animals." '.15 Clinically, the disease in dogs is characterized by wheezing, sneezing, unilateral seropurulent nasal exudate, and epistaxis. Polyps may be visible in the nares. Microscopically, the polyps are covered by epithelium that is focally hyperplastic. denuded, or ulcerated, and are composed of fibrovascular tissue containing mixed inflammatory cells and organisms in various stages of development.
Rhinosporidiosis may be more common in the dog than previously thought. Herein, we report six additional cases of canine nasal rhinosporidiosis and characterize the cytologic, light and electron microscopic. and histochemical features of the organism.
Case Histories
The breed, age, and sex of the six dogs are shown in Table  1 . The dogs were evaluated because of sneezing, unilateral nasal exudate. or the presence of a mass in the nares. The nasal exudate was mucopurulent or serosanguineous. Epistaxis occurred in one animal. The polyps were surgically excised in all six cases and submitted to a diagnostic laboratory in either Alabama or North Carolina. Dogs one and two were referred to North Carolina State University Veterinary School. Blood samples from these two dogs were analyzed by routine hematology and clinical chemistrq procedures. A mild eosinophilia was the only abnormality detected in both dogs. One dog had heartworms and hookworms.
Materials and Methods
Nasal exudate from two dogs was stained with Diff-Quik (American Scientific Products). Wright-Giemsa, and new methylene blue for cytologic examination. Tissues from all six dogs were fixed in 10% formalin. processed routinely, embedded in paraffin, and stained with hematoxylin and eosin (HE), Mayer's mucicarmine, Gomori's methenamine silver, and periodic acid-Schiff (PAS). All light microscopic measurements were made with an ocular micrometer on paraffin-embedded sections stained with HE. The ranges given represent the smallest and largest dimensions that could be found in all six cases. Tissue from one dog was fixed in McDowell's and Trump's fixative at 25 C, postfixed in 1% osmium tetroxide in 0.1 M phosphate buffer (pH 7.2), dehydrated in a graded series of ethanol, passed through 1000/0 acetone. embedded in Spurr's resin. and ultrathin sections were stained with uranyl acetate and lead citrate.
Aerobic. anaerobic, and fungal culture media were inoculated with tissue from the nasal polyp of one dog and in- cubated by routine procedure. The tissue also was placed in Results minimal essential medium containing 10% fetal bovine serum and antibiotics and gently ground in a tissue grinder. The freed organisms were pelleted at 850 x g for 10 minutes at 4 C and washed in fresh medium. A suspension of the organism was added to a confluent monolayer of human rectal tumor cells19 and allowed to attach. Following an overnight incubation, nonadherent material was removed and fresh minimal essential medium containing 2OYo fetal bovine serum, 1% sodium bicarbonate (7.5% w/v), 100 g streptomycin sulfate, and 100 units penicillin G per ml was added. The flasks were incubated at 34 C under an atmosphere of 5% CO, in air. The medium was changed daily for the first 30 days and every 2 to 3 days thereafter.
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A Fig. 1 . Nasal exudate containing neutrophils. epithelial cells and spores of Rhinosporidium seeberi. Internal "spherules" are evident in one spore (arrow). Bar = 10 Hm. Diff-Quick.
Cytologic examination of the nasal exudate revealed numerous round organisms measuring 6-10 pm admixed with abundant neutrophils. mucus, and nucleoprotein debris (Fig. 1) . The organisms had a distinct wall, were intensely basophilic, and contained numerous indistinct, eosinophilic round bodies which have been called "spherules."' Surgically-removed polyps ranged in length up to 3 cm and were grey or reddish-brown ( Fig. 2) . Numerous round white foci 0.5 to 2.0 m m in diameter were distributed randomly over the surface.
Microscopically, the polyps were lined by squamous or columnar epithelium that was frequently denuded or ulcerated (Fig. 3) . Focal hyperplasia was infrequent. One or more mature sporangia in each section were seen releasing spores through the epithelium t o the surface. A surface exudate composed of spores, neutrophils, epithelium, and erythrocytes usually was present. The polyp consisted primarily of fibrovascular tissue and developing sporangia. Mixed inflammatory cells were scattered throughout the tissue and often were focally extensive. Plasma cells and lymphocytes predominated, and hemosiderin-laden macrophages were common. Neutrophils were especially numerous where spores were released into tis-sue rather than onto the surface. Congestion and hemorrhage were seen frequently. Distinct stages of development of sporangia and spores were seen throughout the polyps. Table 2 Fig. 8.  Fig. 9.   Fig. 10 .
Intermediate stage of sporangial maturation with thick bilaminar wall and multiple punctate granules. Thick Later stage of sporangial maturation. Spores are discrete and wall is thick and bilaminar. Bar = 30 pm. HE. Electron micrograph, sporangium similar to that in Fig. 8 . Note discrete spores (arrow) with internal lipid and Mature sporangium with mature spores (arrow) in the center and less mature spores toward the periphery. marizes the histochemical reactions of the wall of the organism at different stages of development. The earliest tissue stage contained a nucleus and ranged in size from 15 to 75 pm. The unilamellar, eosinophilic wall was 0.5 to 2.5 pm thick (Fig. 4) . It was PAS-positive but did not stain for mucicarmine or by the Gomori methenamine silver stain. The internal contents were finely fibrillar and granular. This material was faintly eosinophilic and grey with HE and PAS and was neg-ative by silver and mucicarmine stains. Ultrastructurally, the nucleated sporangia contained abundant ribosomes, lipid droplets, and membrane-bound structures interpreted to be phagolysosomes containing variable amounts of electron-dense material (Fig. 5) .
Early stages of sporangial maturation were characterized by loss of nuclei and increase in size up to 100 pm (Fig. 4) . Histochemical reactions did not change. However, ultrastructural changes were noted as spor- ulation commenced. Figure 6 depicts a young sporangium that contains abundant electron lucent lipid droplets and the earliest recognizable form of discrete cleavage products. The majority of the sporangia were in the immature stages (Fig. 4) . The next distinct tissue stage accounted for about 5% of the sporangia. These sporangia were larger (100 to 150 pm) and had thick bilamellar walls (Fig. 7) . The outer layer was thinner (0.3 to 0.6 pm) and eosinophilic with HE. It was PAS-positive and negative by silver and mucicarmine stains. The inner layer was thick (2.0 to 6.0 pm), grey with HE, negative for PAS, and positive by mucicarmine and silver stains. The internal margin of the wall was intensely carminophilic. Initially, the internal contents were grey and fibrillar and contained many dark granules (Fig. 7) . Later, discrete spores became evident (Fig. 8) . These spores were faintly eosinophilic and had punctate grey nuclei with HE. They were mildly carminophilic but negative for PAS and silver stains. Ultrastructurally, spores had an outer limiting wall, nucleus, and lipid droplets (Fig. 9) . Oil red-0 and osmium stains of paraffin-embedded tissue confirmed the presence of lipid within spores.
The last maturation stage accounted for about 30% of the sporangia in tissue. These sporangia were the largest (1 00 to 400 pm) and contained spores 1.5 to 7.5 pm in diameter (Fig. 10) . The sporangial wall was thin (0.5 to 1.5 pm) and usually consisted of a single layer that was faintly grey with HE, negative with PAS. and stained for mucicarmine and with silver stain.
Frequently, the wall also had a thinner outer layer that was a remnant from the previous bilamellar stage. It had the same histochemical reactions of that outer layer. The spores in the center of the sporangia were larger and had more internal structures than those at the periphery (Fig. 10) . Mature spores were round to oval, and they contained multiple indistinct round structures (spherules). With HE, the mature spore wall was grey, and the contents were grey or eosinophilic.
The wall of mature spores was positive with PAS, mucicarmine, and silver stains. The spore contents stained with silver, and occasionally with PAS, but did not stain for mucicarmine. Ultrastructurally, the spores were larger than those in the previous stage and contained more lipid-droplets, many of which were more osmiophilic and larger than the lipid-droplets in the younger spores (Fig. 11) . The most mature spores were in the center of sporangia. The mature spores had a dense wall which consisted of thin layers of osmiophilic material (Fig. 12) . Each nucleus had a prominent nucleolus.
Organisms did not grow in cell-free fungal and bacterial cultures but did grow in cell culture (monolayers of rectal tumor cells). Within 2 days. many attached organisms were present, and a focal proliferation of tissue culture cells was seen around each organism or group of organisms (Fig. 1 3) . The number of organisms per flask continued to increase, and reproduction continued for over 7 months in three subcultures. Maturation to mature sporangia required 3 to 35 days. Spor-ulation occurred through a pore over a period of several days, resulting in an empty sporangial case. A more detailed description of in vitro cultivation is forthcoming. I
Discussion
Rhinosporidiosis in the dog is being recognized with increased frequency in the United States. In addition to the six cases reported herein and three previously r e p~r t e d ,~.~~. '~ we know of four others. Since the disease is easily diagnosed by cytologic or histopathologic examination, it is not known whether the increase in diagnosis is due to an increase in incidence or to more accurate examination.
The source of infection is not known. Organisms may exist in aquatic environment^.'^ Infection of aquatic fowl supports this p~ssibility.~.~ Four of the dogs in this report had exposure to flowing or impounded fresh water; historical information was unavailable on the other two dogs. Our six cases, as well as the three previously r e p~r t e d ,~.~~. " all occurred in the southern part of the country. Of the eight dogs in which the sex was known, six were males, hence there may be a predilection for males, as in man and horses.1°.15 It is possible that this is the result of behavioral factors such as roaming, rather than biologic factors. The host response by the six dogs was uniform. The polyps had a surface epithelium and central core of fibrovascular tissue. The tissue usually contained small foci of hemorrhage and moderate numbers of hemosiderin-laden macrophages. Intact sporangia of all stages of maturation had variable numbers of lymphocytes and plasma cells in the surrounding tissue. Focally extensive purulent inflammation was seen only where sporangia discharged their contents into the tissues.
No attempt to wall off the organism with a fibrous capsule was observed.
The microscopic appearance of rhinosporidiosis has a few similarities to coccidioidomycosis, protothecosis, and ~hlorellosis.~ The causative organisms of these four diseases reproduce in tissues by endosporulation. However, R. seeberi is much larger than the others, and granulomatous inflammation is not observed in rhinosporidiosis as it may be in the other three diseases. Both R. seeberi and C. immitis stain well with HE and elicit an intense neutrophilic response where the organisms fragment or release their contents. Only R. seeberi has maturation stages with a thick bilammellar wall, the inner layer of which stains with Gomori's methenamine silver and Mayer's mucicarmine stains.
This study, as well as others, indicates that R. seeberi exhibits distinct morphologic and histochemical characteristics during maturation. 1.2.8.9~18.20 Controversy ex- ists about the maturation process and the identity and function of intracellular structures.8~y~'8~20 The wall of the sporangia changes as the organism matures. The development of the thick carminophilic and argyrophilic inner layer coincides with the appearance of discrete spores by light microscopy. As maturation progresses, the sporangia enlarge and the wall thins. The outer wall of most of the new, mature sporangia is lost, and it is barely discernible in the remainder. Histochemical reactions suggest that the inner layer, which persists until maturation is completed, is composed of cellulose and hemicellulose.' It appears that the histochemical reactions of the organisms in dogs are the same as those in The osmiophilic, homogeneous lipid droplets in the mature spores are the "spherules" originally described by Ashworth.' We agree with his interpretation that they are reserve bodies rather than protrusions of the spore wall or germinative bodies as suggested by others. '.I8 This is the first successful cultivation of R. seeberi in vitro. An earlier report5 of its isolation has been challenged'O because no evidence of replication in subculture was provided. It appears that the earlier report was the result of maintaining the organism intact in media at 4 C. Our study indicates that the organism replicated readily in vitro in the proper microenvironment. Subsequent studies from these subcultures will clarify the controversy surrounding the developmental stages of the organism and provide insight into the possibilitv that this organism Dromotes tissue growth. 
